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(57) [Abstract] 
[Objective] 

waveguide element for optical amplification which does not 
have polarized light dependency is offered. 

[Constitution] 

It includes element which possesses optical amplification 
action in substrate, or ithas amplifying part amount which 
includes this said element, characteristic of waveguide portion 
does not depend on direction of polarization in waveguide 
element for optical amplification which has the waveguide 
portion which possesses index of refraction which at same 
time is higher than periphery, waveguide elemento for 
optical amplification which is made feature 
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Specification 
[0001] 



[Claim(s)] 
[Claim 1] 

It includes element whicli possesses optical amplification 
action in substrate, or ithas amplifying part amount which 
includes this said element, characteristic of waveguide portion 
does not depend on direction of polarization in waveguide 
element for optical amplification which has the waveguide 
portion which possesses index of refraction which at same 
time is higher than periphery, waveguide elements for 
optical amplification which is made feature 

[Claim 2] 

As waveguide of patent claim Claim 1, sodium ion in glass 
substrate waveguide elemento for the optical amplification 
which uses those which in silver ion part are replaced 

[Claim 3] 

As waveguide of patent claim Claim 1, waveguide elemento 
for optical amplification which uses thosewhere near field 
pattern of wave conduction light is round 



[Description of the Invention] 
[0001] 
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[0002] 

[0003] 

-So 

[0004] 



[0005] 

[aiMA<«a^L<fc9t-r*pp^ejS] 

[0006] 



[Field of Industrial Application] 

As for this invention, it is something regarding optical 
waveguide element which is usedfor system for optical 
amplification which utilizes induced emission. 

[0002] 

[Prior Art] 

Until recently, in glass substrate which includes element 
which possesses amplifying action as method which produces 
element for optical amplification with optical waveguide , 
there are some which form optical waveguide 2 -stage with 
thethermal ion exchange method . 

[0003] 

As shown in for example Figure 3, mask is formed in BK-7 
glass substrate 3 1 which the neodymium ion doped is done, 
patterning after doing that, with dissolving potassium nitrate 
Shionaka, continuously ion exchange is done first with 
dissolving sodium nitrate Shionaka and there is an example 
which waveguide is produced. 

[0004] 

In this case, high index of refraction portion of semicircle is 
formed by sodium ion in the glass substrate and exchange of 
potassium ion in molten salt, potassium ion of the substrate 
topmost surface being replaced with sodium ion in molten salt 
furthermore by thefollowing ion exchange , cross section is 
formed pad waveguide 32 of elliptical shape. 

In this waveguide, incidence doing excitation light, when 
excitation it does the neodymium ion, incidence does signal 
light there signal light amplifying is done by induced 
emission . 

[0005] 

[Problems to be Solved by the Invention] 

When element for optical amplification is used with optical 
communication system, there is not a polarized light 
dependency in characteristic, it is required . 

Because this, when signal light propagation doing in optical 
fiber, because the direction of polarization is not retained 
generally, has necessity amplifying to do the signal light of 
various polarized light states. 

[0006] 

However, as for waveguide which is expressed at place of the 
Prior Art, because exchange of potassium ion and sodium ion 
is utilized information of high bending portion, from 
difference of ionic radius of both parallel stress occurs in 
substrate surface, because and it has produced with thethermal 
ion exchange method, waveguide cross section shape being 
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[0008] 



[0009] 
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[0010] 
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[0012] 
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ellipse, from fact that refractive index distribution is 
asymmetry, direction of polarization dependency which 
originates in these occurs. 

[0007] 

There is a difference of 0.001 extent in equivalent index of 
refraction of TE,TMmode, inthis kind of waveguide of for 
example when that you use as optical amplification 
element,becoming difference of amplification for both mode, 
it appears. 

[0008] 

this invention offers waveguide element for optical 
amplification which does not have polarized light dependency 
makes objective then. 

[0009] 

[Means to Solve the Problems] 

Above-mentioned objective includes element which possesses 
optical amplification action in substrate, or has amplifying 
part amount which includes this said element,characteristic of 
waveguide portion does not depend on direction of 
polarization is achieved with waveguide element for optical 
amplification which is made feature in waveguide element for 
optical amplification which has waveguide portion which 
possesses index of refraction which at thesame time is higher 
than periphery. 

[0010] 

Furthermore as waveguide, sodium ion in glass substrate 
those which in the silver ion part are replaced. It is achieved 
with waveguide element for optical amplification which uses 
those where thenear field pattern of wave conduction light is 
round. 

[0011] 

[Working Principle] 

Regarding to this invention, as for equivalent refractive index 
difference between TE,TMmode of the waveguide which is 
used, because 10 <sup>-6extent or less and it is small, in fact 
as for polarized light dependency you regard thing which is 
not, 4>. 

Therefore, waveguide type optical amplification element 
which does not have polarized light dependency can 
beacquired. 

[0012] 

[Working Example(s)] 

On basis of Working Example furthermore you explain below 
this invention, indetail. 



Page 5 Paterra Instant MT Machine Translation 



JP1994194533A 



1994-7-15 



m 1 1*. ^mmz^^^mmmm^Fommm^ 

lo-'SJtWT-efc^o 



[0013] 
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IC. 300mW (7)®lSife(;Sfi 0.98 /i m)^ A W^-fr 
4i:|5]^|Cli^3t(;fiJS 1.55/ym)^AI^*-frfc 
fi^3tl^)^LT$?1 0.5dB/cm 0lii|@ff ffl 
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Omt. O.OOldB/cm JslT"efeofco 

[0015] 
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Figure 1 shows sectional view of element for optical 
amplification with this invention . 

As for substrate 1 , rare earth ion with glass substrate which 
doped is done,from surface single mode waveguide 2 is 
imbedded to depth ofapproximately 10;mu m or greater 
vis-a-vis signal light. 

As for refractive index distribution of this waveguide with 
symmetry , here propagation as fomear field pattern of signal 
light which is done, it is a round, itmakes feature. 

As for this waveguide, being something which furthermore 
imbedded the high index of refraction portion which was 
formed with exchange of sodium ion and silver ion, with 
electric field ion exchange, stress is small in difference of 
ionic radius, refractive index distribution isbecause of 
symmetrical, as for equivalent refractive index difference 
between TE,TMmode 10 <sup>-6extent or less. 

[0013] 

preparation process of this element is shown in Figure 2 . 

First, in starting material in surface of soda glass substrate 1 
which erbium oxide 1 weight% is included, titanium film 
mask 3 of thickness 300 nm is formed with vacuum vapor 
deposition method or the sputtering method, with 
photolithography method , waveguide pattern opening part 4 
of width 3 ;mu m is opened inthis. 

This substrate 1 is inserted in dissolving silver nitrate salt 5 

next, from mask opening part 4 silver ion scattering is done in 
substrate intemal with ion exchange , cross section forms high 
index of refraction portion 6 of semicircle. 

Furthermore after removing mask 3, while in dissolving 
sodium nitrate salt?, imparting doing electric field of 150 V/m 
m with power supply 8 , itdesignates high index of refraction 
portion 6 as pad and waveguide 2 inside substrate 1 with ion 

exchange . 

[0014] 

When in waveguide element for optical amplification which, 
it formed in this way, the excitation light (wavelength 
0.98 ;mu m ) of 300 mW incidence is done simultaneously 
when incidenceit does signal light (wavelength 1.55 ;mu m ), 
amplifying action of approximately 0.5 dB/cm 
acquiredvis-a-vis signal light. 

In addition, difference of amplification for TE,TMmode of 
this time wasO.OOl dB/cm or less. 

[0015] 

With this working example, in order to prevent fact that stress 
occurs in substrate due to ion exchange , high index of 
refraction portion was formed with ion exchange of the 
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sodium ion and silver ion, but using combination other than 
this where ionic radius is close, it is clear for similar effect to 
be acquired. 

[0016] 

It is good even with ion exchange of for example potassium 
ion and thallium ion. 

In addition, as preparation method of waveguide if and it is 
not somethingwhich is limited to ion exchange method and 
stress does not occur, it ispossibie to produce with CVD 
method etc. 

[0017] 

[Effects of the Invention] 

According to this invention, be able to acquire waveguide 
type optical amplification element whichdoes not have 
polarized light dependency, direction of polarization 
dependency of optical amplification element which used this 
isremoved is possible . 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a sectional view of waveguide type optical amplification 
element which does not have polarized light dependency with 
Working Example of this invention. 

[Figure 2] 

It is a figure which shows preparation process of this 
invention. 

[Figure 3] 

It is a sectional view of conventional waveguide type optical 
amplification element. 

[Explanation of Symbols in Drawings] 

1 

erbium doped glass substrate 
2 

Pad single mode waveguide 
3 

mask 
31 

BK-7 glass substrate 
32 

elliptical pad waveguide 
4 
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pattern opening part 

5 

Dissolving silver nitrate salt 
6 

high index of refraction portion 
7 

Dissolving sodium nitrate salt 
8 

power supply 
[Figure 1] 
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[Figure 2] 
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[Figure 3] 
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